Electrolyzed oxidizing water (EOW) can be divided into acidic electrolyzed oxidizing water (AEOW) and slightly acidic electrolyzed water (SAEW). AEOW has the characteristics of low pH (pH < 2.7) and high oxidation-reduction potential (ORP > 1100 mV). SAEW is slightly acidic (pH ¼ 5-6) and has an ORP of 700-900 mV. AEOW and SAEW both have a certain amount of active chlorine content (ACC), so they have the characteristics of broad spectrum, rapidity and high efficiency of sterilization. At present, there is little systematic research on AEOW and SAEW preparation. However, it is very important to study the preparation process, including electrode material and electrolytic process. First, the effects of Pt electrodes with different thermal decomposition temperatures on AEOW's pH, ORP and ACC values were investigated in detail. Next, for the SAEW preparation, the process is based on the preparation of AEOW by ion-exchange membrane electrolysis, reasonably mixing the electrolyzed cathode and anode solution. The effects of technological conditions such as electrolysis time, current density and electrolyte concentration have been systematically studied, and it is expected to get SAEW with a pH value slightly less than 7, a higher ORP value and a certain amount of ACC.
Introduction
According to the characteristics of electrolyzed oxidizing water (EOW), it can be divided into acidic electrolyzed oxidizing water (AEOW) and slightly acidic electrolyzed water (SAEW). AEOW has the characteristics of low pH (pH < 2.7) and high oxidationreduction potential (ORP > 1100 mV). SAEW is slightly acidic (pH ¼ 5-6) and its ORP value is 700-1000 mV. EOW has a certain amount of active chlorine content (ACC), so it has the characteristic of broad spectrum, rapidity and high efficiency of sterilization.
1,2 As the pH value of SAEW is close to neutral, it can reduce the corrosion of metals and the pollution of chlorine gas in the preparation process, thus possessing more extensive application potential.
EOW can seriously destroy the cytoplasm, cell membrane and cell wall of microbial cells, and increase the permeability of cell membrane, resulting in leakage of K + , Mg
2+
, DNA and protein. EOW can also affect the relative activity of TTCdehydrogenase, protein synthesis activity and adenosine triphosphate synthesis pathway, thus effectively killing pathogenic microorganisms.
3-5 EOW can kill many kinds of bacteria, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] and its killing efficiency is better than that of common food fungicides (sodium hypochlorite, ozone, chlorine dioxide, etc.). In addition, fungi, blood viruses and toxins can also be effectively sterilized by EOW. [18] [19] [20] [21] [22] EOW is a safe disinfectant that has been conrmed harmless to the human body in various kinds of acute toxicity and subacute toxicity experiments. With the deepening of EOW research, its application scope has been expanded to medical and health care, food safety, crop growth, pest control and so on. Especially in the food industry, many research results have shown that it has good sterilization and preservation effects on fresh vegetables, [23] [24] [25] [26] [27] [28] Hsu rst discussed the effects of ow rate, salt concentration and temperature on AEOW preparation. Kiura 45 found that ACC was positively correlated with NaCl concentration or electrolysis time. Moreover, it is very important to improve the efficiency and stability of the electrode. Otherwise, the energy consumption will be too high and the produced electrolyzed water will not be qualied to kill bacteria efficiently. Ru 46, 47 and Ir 48,49 electrodes have high electrolysis efficiency but poor stability. Pt electrode has good stability, 50 but its electrolysis efficiency of conventional electroplating platinum is not high. Therefore, from the point of view of electrolysis efficiency, the effects of Pt electrodes with different thermal decomposition temperatures on AEOW's pH, ORP and ACC values were systematically investigated in this paper. Pt electrodes were characterized and analyzed by SEM and XRD, and their electrochemical activities were analyzed by using cyclic voltammetry and linear voltammetry scanning. As for the preparation of SAEW, the reported method is to use HCl + NaCl electrolyte to carry out the electrolysis in the cell without ionexchange membrane. [51] [52] [53] [54] [55] [56] However, this method use HCl as electrolyte, which will inevitably cause a certain degree of pollution to the environment and bring a certain risk to production. Another way to prepare SAEW is to modify the ion exchange membrane electrolysis process by reasonably mixing the electrolytic cathode solution (alkaline electrolyzed reduced water, AERW) and anode solution (AEOW) according to a certain proportion. Such preparation method can avoid the use of hydrochloric acid, but there are few studies on process optimization except Machado.
57 Therefore, in this paper, the effects of process conditions such as electrolysis time, current density and electrolyte concentration have been systematically studied to get SAEW with a pH slightly less than 7, a higher ORP value and a certain amount of ACC. 
Experimental

EOW preparation and analysis
Acid Electrolyzed Oxidizing Water (AEOW), Alkaline Electrolytic Reduction Water (AERW) and Slightly Acid Electrolyzed Oxidizing Water (SAEW) were prepared by a two-chamber ionexchange membrane electrolyzer. The volume of cathode and anode chamber was 50 mL, respectively. The anode is Pt/Ti and the cathode is Ti, which the electrode area is 1 cm 2 . In the process of electrolysis, add some NaCl (0.01-0.09 wt%) as electrolyte, control of current density in 30-80 mA cm À2 , electrode spacing is 2 cm and electrolysis time is 10-90 min. Aer the electrolysis, the AEOW was obtained in the anode region, and the AERW was obtained in the cathode region. SAEW was obtained by mixing cathode solution (AERW) and anode solution (AEOW) with volume ratio 1 : 1. The pH of the mixture was measured by a pH meter, the ORP value was measured using an ORP apparatus, and the ACC was measured by spectrophotometric method using the TMB (3,3,5,5-tetramethyl-benzidine) colorimetric method. In this method, TMB was oxidized by the ACC to form a yellow product and its concentration was analyzed immediately using a spectrophotometer (UV-2102PC, UNICO, US) at 450 nm.
Results and discussion Fig. 1 is a SEM diagram of platinum electrodes at different thermal decomposition temperatures. When the thermal decomposition temperature is 300 C, the morphology of the electrode is relatively smooth without no obvious particles. When the temperature of electrode preparation is raised to 350 C, some tiny particles can be seen in the surface of electrode with the size 30-40 nm. When the preparation temperature continues to rise to 400-450 C, some agglomeration appears on the electrode surface. Such agglomeration is caused by high temperature sintering. With the increase of roasting temperature, agglomeration phenomenon becomes more and more obvious. When the decomposition temperature is increased to 500-550 C, many particles with a diameter of 100-200 nm has appeared on the electrode surface. The crystal structures of Pt electrodes with different thermal decomposition temperatures were characterized by XRD (Fig. 2) . The characteristic diffraction peaks of (111), (200), and (220) crystal facets are observed clearly, indicating that the Pt electrodes possess the face-centered cubic (fcc) crystal structure compared with JCPDS no. 04-0802. In addition, diffraction peaks of Ti matrix can also be observed according to JCPDS no. , which indicate that the surface thickness of Pt lm is relatively thin. Further, the grain size of the Pt particle was calculated according to the peak width of well-shaped (200) reection. In Fig. S1 , † with the increase of thermal decomposition temperature, the particle size has increased from 5.8 nm (300 C) to 16.2 nm (550 C) due to high temperature sintering. Fig. 3 has exhibited the chlorine evolution reaction (CER) and oxygen evolution reaction (OER) activities of Pt electrodes with different thermal decomposition temperatures. First of all, it can be seen that their CER activities are very close. When the current is 40 mA cm À2 , the potential range of CER is 1.399- Therefore, the increasement of thermal decomposition temperature, should enhance the selectivity of CER. In addition, the sharp decrease of OER activity may be related to the variation of the electrochemical surface area (ESA). In the range of 300-500 C, the higher of thermal decomposition temperature, the smaller the oxidation-reduction current of Pt electrode surface in Fig. 4 . For Pt-500 and Pt-550, their currents are basically the same (Fig. S2 †) . Further calculations have shown that when the temperature rises from 300 to 500 C, the ESA has dropped from 90 to 11 cm 2 ( Fig. S3 †) , reducing by 9 times.
However, the reduction of ESA has little effect on CER activity. Therefore, it provides the possibility to change the CER selectivity of the platinum electrode by adjusting the calcination temperature. Since SAEW was obtained by mixing cathode solution (AERW) and anode solution (AEOW). In order to gain SAEW efficiently, the performance of AEOW prepared by a series of platinum electrodes with different thermal decomposition temperatures was rst studied. With the increase of thermal decomposition temperature, the pH, ORP and ACC values all show an upward trend in Fig. 5a -c. It is because Pt electrode with high decomposition temperature has high CER selectivity. Therefore, for AEOW, Pt-450, Pt-500 and Pt-550 electrodes are very suitable, while other electrodes are less efficient in producing available chlorine. Then the Pt-500 electrode was used in the following investigation of SAEW preparation process. First, the effect of electrolysis time on the preparation of SAEW were discussed. As can be seen from Fig. 6a , with the extension of electrolysis time, the pH value of SAEW rst increases rapidly and then gradually becomes stable. When the electrolysis time is 5 min, the pH is 3.95, which is obviously acidic. Then the pH becomes 6.45 at electrolysis time 10 min, which is slightly acidic. However, as the electrolysis time is increased to 20 min, the pH is 9.45, showing an alkaline characteristic. In addition, when the electrolysis time is 5-10 min, the ORP of SAEW is relatively high (740-1011 mV) in Fig. 6c . When the electrolysis time exceeds 10 min, the ORP decreases drastically to 329 mV (20 min) and 167 mV (90 min), respectively. This is because the following three reactions mainly take place in the cathode and anode during the electrolysis process. 
. 
During the preparation process, water molecules in the cathode region can gain electrons from the electrode to generate hydrogen (hydrogen evolution reaction, HER), and it will directly increase [OH À ] content (increase the pH value) in the solution. However, there are two competing reactions of CER and OER in the anode region. The occurrence of OER will directly produce [H + ] and cause the solution to become acidic.
While the CER can generate chlorine and hypochlorous acid and make the solution contain a certain amount of ACC. Since there is only one main reaction in the cathode region and two competing reactions in the anode region, the concentration of [OH À ] in the cathode region is higher than that of [H + ] in the anode region (Fig. 6b) at 60 min, with a ve-fold increase. Then, the effects of current density and electrolyte concentration on the preparation of SAEW were further investigated. Obviously, the increase of electrolyte concentration (NaCl) and current density could be conducive to promote the electrochemical reaction rate in the anode and cathode region. Moreover, it is well known that the increase of NaCl concentration would facilitate the CER reaction in the anode.
60,61
Meanwhile, as can be seen from Fig. S4 , † DE CER-OER has been increased from 581 to 632 mV as the current density increases from 30 to 80 mA cm À2 . Therefore, increasing electrolyte concentration 62-65 and current density [66] [67] [68] is benecial to improve the CER selectivity and decrease the OER selectivity. With the increasing of current density and electrolyte concentration, the current efficiency of OER (generating H + ) in the anode region will be suppressed. In the cathode region, the increase of current density and electrolyte concentration will not affect the current efficiency of HER (generating OH À ), which remains unchanged. Therefore, the pH value of SAEW obtained by mixing the solution in the anode and cathode region will increase. In Fig. 7a , which is almost twice as high as that of 30 mA cm
À2
. The production of available chlorine is dependent on the CER activity. Therefore, the enhancement of current density can accelerate the rate of CER, thus increasing the ACC content. When the electrolyte concentration is changed from 0.1 g L À1 to 0.9 g L À1 , the ACC rises from 25.21 mg L À1 to 51.30 mg L À1 , which almost doubled. This is because the increase of electrolyte concentration is benecial to reduce the concentration polarization of CER in the anodic region, which increase the mass transfer driving force. 69, 70 Thus, the more chlorine gas, hypochlorous acid, chlorine dioxide and other high-priced chlorine compounds is produced.
71-73
Conclusions
First, the effects of Pt electrodes with different thermal decomposition temperatures on AEOW's pH, ORP and ACC values were systematically investigated in this paper. With the increase of thermal decomposition temperature, the pH, ORP and ACC value all have shown an upward trend. It is because Pt electrode with high decomposition temperature has a good CER selectivity. Furthermore, the CER and OER activity of platinum electrodes were characterized by linear voltammetry scanning. For Pt-500 and Pt-550, the DE CER-OER has reached 597 mV, while the DE CER-OER of Pt-300 electrode was only 401 mV. A high potential difference of DE CER-OER would facilitate the chlorine evolution reaction and inhibit the oxygen evolution reaction. Next, the electrolysis process for SAEW preparation was studied systematically. The process is based on the preparation of AEOW by ion-exchange membrane electrolysis, reasonably mixing the electrolyzed cathode and anode solution to obtain SAEW. The results showed that with the increase of electrolysis time, current density and electrolyte concentration, the SAEW's pH value increased, ORP decreased and ACC increased. Through the investigation of above process conditions, SAEW can be efficiently prepared at 0.1-0.3 g L À1 NaCl, 30-50 mA cm À2 and 10 min.
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